Introduction
============

Systemic lupus erythematosus (SLE) is a kind of diffuse connective tissue disease ([@b1-etm-0-0-7168]), usually involving the whole body. The course and number of affected organs of SLE are negatively correlated with its prognosis ([@b2-etm-0-0-7168]). The morbidity and mortality rates of lupus nephritis (LN) account for approximately 60% in SLE ([@b3-etm-0-0-7168],[@b4-etm-0-0-7168]). The pathogenesis of LN remains unclear currently, which, according to the literature, may be caused by interaction of factors such as environment, heredity, autoimmunity and estrogen ([@b5-etm-0-0-7168],[@b6-etm-0-0-7168]). LN is characterized by a high prevalence rate and long treatment cycle, and it leads to death in severe cases ([@b7-etm-0-0-7168]). Therefore, the diagnosis of LN is of great significance in providing a basis for clinical treatment and prognosis.

Interleukin-34 (IL-34) is an inflammatory factor, another major ligand of colony-stimulating factor-1 receptor (CSF-1R) following CSF-1, which can directly bind to CSF-1R to exert similar and independent biological effects of CSF-1 ([@b8-etm-0-0-7168]). IL-34, mainly through binding to CSF-R, regulates the activation, survival, proliferation, chemotaxis and secretion of corresponding cytokines in monocytes or macrophages ([@b9-etm-0-0-7168]). Inflammatory injury mediated by macrophages plays an important role in the pathogenesis of LN ([@b10-etm-0-0-7168]). IL-17 is an inflammatory factor with important effects in autoimmune diseases, pro-inflammatory and organ transplant rejection reactions ([@b11-etm-0-0-7168]). IL-17 can bind to the corresponding receptors to result in the infiltration of inflammatory cells and tissue damage ([@b12-etm-0-0-7168]). According to the literature, IL-17 can promote the progression of SLE, which is highly expressed in serum of SLE patients and animal model of lupus ([@b13-etm-0-0-7168]).

This study investigated the expression levels of serum IL-17 and IL-34 and analyze the influencing factors for prognosis in LN patients. Results showed IL-17 and IL-34 are independent risk factors for poor prognosis of LN. The findings provide a theoretical basis for the diagnosis, treatment and prognosis of LN in the future.

Materials and methods
=====================

### General data

A total of 45 patients treated and diagnosed with LN via renal biopsy in Yanan University Affiliated Hospital (Yanan, China) from October 2010 to October 2012 were selected as LN group, including 8 males and 37 females with an average age of 42.08±16.52 years. Another 50 healthy subjects, including 10 males and 40 females with an average age of 41.28±15.85 years, undergoing physical examination during the same period were selected as the control group. There were no significant differences in age and sex between the two groups (P\>0.05), while leukocyte, hemoglobin, blood albumin, blood platelet, blood uric acid, serum creatinine, systolic pressure, diastolic pressure, urinary protein and triglyceride had statistically significant differences (P\<0.05). None of the patients had undergone treatment with hormones and immunosuppressors in the prior 3 months. Pregnant or breastfeeding patients, or patients with autoimmune diseases, severe infection, other kidney-related diseases or rheumatoid arthritis were excluded.

The study was approved by the Ethics Committee of Yanan University Affiliated Hospital (Yanan, China). All the patients, or their families, signed the informed consent, and the patients had complete clinical data. General patient information is shown in [Table I](#tI-etm-0-0-7168){ref-type="table"}.

### Reagents and equipment

Human serum IL-17 and IL-34 enzyme-linked immunosorbent assay (ELISA) kits were purchased from Shanghai Lengton Biotechnology Co., Ltd., and Anthos PHOMO full-automatic microplate reader was purchased from Shanghai Zhongsheng Life Science Development Co., Ltd. (Shanghai, China).

### Detection of IL-17 and IL-34

After 3 ml fasting venous blood was drawn from the patients in the morning and centrifuged at 2,600 × g at 4°C for 10 min, 1 ml serum was taken using a pipette for standby application. Levels of serum IL-17 and IL-34 were detected via ELISA. The kit and sample to be detected were taken from the refrigerator 30 min in advance to be balanced to the room temperature, and sample, standard and blank wells were set up. Enzyme-labeled reagents and samples were not added into blank well, 100 µl samples to be detected or standard substances were added into the remaining wells and mixed evenly. Then the ELISA plate was covered with a membrane, followed by incubation at 37°C for 2 h. After the liquid in each well was discarded and spun dry, each well was added with 100 µl working solution A and covered with the membrane, followed by incubation at 37°C for 1 h. After the liquid in each well was discarded and spun dry, the plate was washed 3 times, and each well was added with 100 µl working solution B and covered with the membrane, followed by incubation at 37°C for 1 h. After the liquid in each well was discarded and spun dry, the plate was washed again 3 times, each well was added with 90 µl substrate solution and covered with the membrane, followed by color development in the dark at room temperature for 20 min. Stop solution (50 µl) was added to each well, and the optical density (OD) of each well was detected at a wavelength of 450 nm using the microplate reader. Finally, the IL-34 and IL-17 concentrations were calculated.

### Statistical analysis

Statistical Product and Service Solutions (SPSS) 17.0 software (Shanghai Cabit Information Technology Co., Ltd.) was used for analysis. Chi-square test was used for enumeration data, and t-test was used for measurement data. Univariate survival analysis was performed using the Kaplan-Meier method and log-rank test, and univariate and multivariate analyses were performed using the Cox proportional hazards model. P\<0.05 was considered to indicate a statistically significant difference.

Results
=======

### Comparison of serum IL-17 and IL-34 levels between the two groups

Levels of serum IL-17 and IL-34 in patients in LN group were significantly higher than those in control group, and there were statistically significant differences (P\<0.001) ([Fig. 1](#f1-etm-0-0-7168){ref-type="fig"} and [Table II](#tII-etm-0-0-7168){ref-type="table"}).

### Correlation analysis of IL-17 and IL-34 with urinary protein in LN

Serum IL-17 and IL-34 in LN patients were positively correlated with urinary protein (r=0.436 and 0.714, P\<0.05) ([Table III](#tIII-etm-0-0-7168){ref-type="table"}).

### Analysis of influencing factors for survival time of LN patients

The 3- and 5-year overall survival rates of LN patients were 86.42 and 74.67%, respectively. Influencing factors for survival time of 45 LN patients were analyzed via univariate analysis, and results manifested that adverse factors affecting the prognosis of LN patients included age, hemoglobin, platelet, blood uric acid, urinary protein, IL-17 and IL-34, displaying statistically significant differences (P\<0.05). According to results of multivariate Cox regression analysis, age, hemoglobin, blood uric acid, urinary protein, IL-17 and IL-34 were independent risk factors for the poor prognosis of LN, and differences were statistically significant (P\<0.05) ([Tables IV](#tIV-etm-0-0-7168){ref-type="table"} and [V](#tV-etm-0-0-7168){ref-type="table"}).

Discussion
==========

Lupus nephritis is a chronic disease that often relapses and remits alternately. Renal injury is aggravated continuously in the acute phase, thus accelerating the progression of end-stage renal disease of LN ([@b14-etm-0-0-7168]). The prevalence rate of end-stage renal disease is as low as 26%, but the proportion of active lesions and relapse in LN is up to 27--66%, leading to the increased mortality rate of LN ([@b15-etm-0-0-7168]). Currently, commonly used diagnostic methods for LN include decreased glomerular filtration rate, proteinuria and renal biopsy. However, renal biopsy has not been universally employed because it affects treatment and prognosis ([@b16-etm-0-0-7168]). Therefore, the early diagnosis, treatment and monitoring of progression of LN have become research hotspots, providing clues for the prognosis ([@b17-etm-0-0-7168]).

Results of this study revealed that the levels of serum IL-17 and IL-34 in patients in LN group were obviously higher than those in control group, showing statistically significant differences (P\<0.001). Research results of Bethunaickan *et al* ([@b18-etm-0-0-7168]) and Susianti *et al* ([@b19-etm-0-0-7168]) are consistent with those in this study. Bethunaickan *et al* ([@b18-etm-0-0-7168]) showed that IL-34 messenger ribonucleic acid (mRNA) is highly expressed in the kidney of lupus mice and it is significant in the pathogenesis of LN. A possible reason is that the glomerular and renal interstitial damage is aggravated through damage to inflammatory factors. Susianti *et al* ([@b19-etm-0-0-7168]) found that the IL-17 level is significantly increased in LN. A possible reason is that IL-17 can promote other immune inflammatory mediators and epithelial cells, and make inflammatory cells accumulate and damage renal tissues, thereby leading to proteinuria. According to results of Pearson\'s correlation analysis, the levels of serum IL-34 and IL-17 in LN patients had positive correlations with urinary protein (r=0.714 and 0.436, P\<0.05). There are few studies on the correlation between IL-17 and urinary protein, so the results in this study are not confirmed. Moreover, Menke *et al* ([@b20-etm-0-0-7168]) found that the IL-34 content in urine of LN mice is positively correlated with secretion of urinary albumin (r=0.915, P\<0.01), which is basically consistent with the results in this study. Therefore, IL-34 can display the activity degree of LN.

The 3- and 5-year overall survival rates of LN patients were 86.42 and 74.67%, respectively. Influencing factors for survival time of 45 LN patients were analyzed via univariate analysis, and results manifested that adverse factors affecting the prognosis of LN patients included age, hemoglobin, platelet, blood uric acid, urinary protein, IL-17 and IL-34, displaying statistically significant differences (P\<0.05). According to results of multivariate Cox regression analysis, age, hemoglobin, blood uric acid, urinary protein, IL-17 and IL-34 were independent risk factors for poor prognosis of LN, and differences were statistically significant (P\<0.05). Research results of Shen *et al* ([@b21-etm-0-0-7168]) revealed that there is a certain correlation between pathological types and clinical manifestations and prognosis of LN patients. Daniel *et al* ([@b22-etm-0-0-7168]) thought that influencing factors for prognosis of LN patients include age, decline in complement 3, increase in urinary protein, decrease in hemoglobin and blood platelet, and increase in uric acid level, which are basically consistent with the results in this study. There will be changes in structure and function of both kidneys with age. Urinary protein can reflect glomerular lesion and damage, and increase the expression of inflammatory factors, thus leading to renal damage. At the same time, the increase in urinary protein results in a lower level of hemoglobin ([@b23-etm-0-0-7168]). In LN, the renal tubule and interstitium can be damaged, leading to decline in erythropoietin, and IL-1 can be increased, leading to inhibited production of erythropoietin ([@b24-etm-0-0-7168]). High-level uric acid can aggravate renal hypertension, lead to glomerular autoregulation dysfunction and promote production of nitric oxide, thereby causing excretion disorder ([@b25-etm-0-0-7168]). In addition, Wu *et al* ([@b26-etm-0-0-7168]) and Zhao *et al* ([@b12-etm-0-0-7168]) studied and found that the levels of IL-17 and IL-34 are positively correlated with urinary protein, and these levels can reflect the severity of LN, indicating that the disease condition and clinical manifestations of LN patients is gradually aggravated with the increase in levels of serum IL-17 and IL-34.

In conclusion, IL-17 and IL-34 are highly expressed in serum of LN patients. Results of univariate and multivariate Cox regression analyses reveal that age, hemoglobin, blood uric acid, urinary protein, IL-17 and IL-34 are independent risk factors for poor prognosis of LN. Studies on IL-17 and IL-34 provide broader ideas for clinical diagnosis, treatment and prognosis prediction of LN, displaying a bright prospect.
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###### 

General data.

  Factor                      LN group (n=45)   Control group (n=50)   t/χ^2^ value   P-value
  --------------------------- ----------------- ---------------------- -------------- ---------
  Age (years)                 42.08±16.52       41.28±15.85            0.241          0.810
  Sex \[n (%)\]                                                        0.800          0.076
    Male                        8 (17.78)       10 (20.00)                            
    Female                    37 (82.22)        40 (80.00)                            
  Leukocyte (×10^9^)            6.34±0.45         5.98±0.84            2.562          0.012
  Hemoglobin (g/l)              110.86±15.25      137.94±14.28         8.937          \<0.001
  Blood albumin (g/l)           30.85±7.46        46.52±2.48           14.020         \<0.001
  Blood platelet (×10^9^/l)     232.94±52.05      257.76±53.49         0.287          0.025
  Blood uric acid (mmol/l)      374.26±82.45      300.15±52.34         5.284          \<0.001
  Serum creatinine (µmol/l)     64.15±20.54       53.14±7.53           3.537          \<0.001
  Systolic pressure (mmHg)    128.82±9.46       123.92±8.45            2.667          0.009
  Diastolic pressure (mmHg)     81.46±8.24        77.46±6.82           2.587          0.011
  Urinary protein (g)           2.79±2.14         0.12±0.02            8.827          \<0.001
  Triglyceride (mmol/l)         2.43±1.25         1.43±0.72            4.837          \<0.001

###### 

Comparison of serum IL-34 and IL-17 levels between the two groups.

  Index          LN group      Control group   t value   P-value
  -------------- ------------- --------------- --------- ---------
  No.            45            50                        
  IL-34 (ng/l)   57.61±16.24     22.34±11.53   12.300    \<0.001
  IL-17 (ng/l)   40.82±24.15   14.94±4.86        7.417   \<0.001

###### 

Correlation analysis of IL-34 and IL-17 with urinary protein in LN.

  Item              IL-34   IL-17   P-value
  ----------------- ------- ------- ---------
  Urinary protein   0.714   0.436   P\<0.05

###### 

Univariate analysis results of prognosis of LN patients.

  Factors                                           P-value   Hazard ratio (HR)   95% confidence interval (95% CI)
  ------------------------------------------------- --------- ------------------- ----------------------------------
  Sex (male vs. female)                             0.306     1.052               0.357--1.138
  Age (\<40 years vs. ≥40 years)                    0.008     0.035               0.018--0.052
  Leukocyte (\<6×10^9^ vs. ≥6×10^9^)                0.526     1.012               0.004--1.756
  Hemoglobin (\<123 g/l vs. ≥123 g/l)               0.004     0.047               0.032--0.069
  Blood albumin (\<38 g/l vs. ≥38 g/l)              0.852     2.121               0.104--4.265
  Blood platelet (\<244×10^9^/l vs. ≥244×10^9^/l)   0.035     0.462               0.254--0.672
  Blood uric acid (\<337 mmol/l vs. ≥337 mmol/l)    \<0.001   3.026               1.389--4.258
  Serum creatinine (\<58 μmol/l vs. ≥58 µmol/l)     0.418     0.627               0.237--2.467
  Systolic pressure (\<126 mmHg vs. ≥126 mmHg)      0.691     0.508               0.118--0.964
  Diastolic pressure (\<79 mmHg vs. ≥79 mmHg)       0.483     0.620               0.004--2.586
  Urinary protein (\<1 g vs. ≥1 g)                  \<0.001   2.895               0.623--4.953
  Triglyceride (\<2 mmol/l vs. ≥2 mmol/l)           1.462     0.743               0.372--2.561
  IL-34 (\<55.37 ng/l vs. ≥55.37 ng/l)              \<0.001   2.865               1.423--4.824
  IL-17 (\<42.62 ng/l vs. ≥42.62 ng/l)              \<0.001   2.541               1.147--3.749

###### 

Multivariate analysis results of prognosis of LN patients.

  Factors                                           P-value   HR      95% CI
  ------------------------------------------------- --------- ------- --------------
  Age (\<40 years vs. ≥40 years)                    0.036     1.624   1.306--3.251
  Hemoglobin (\<123 g/l vs. ≥123 g/l)               0.021     0.429   0.284--0.672
  Blood platelet (\<244×10^9^/l vs. ≥244×10^9^/l)   0.082     1.327   0.876--2.728
  Blood uric acid (\<337 mmol/l vs. ≥337 mmol/l)    0.007     2.681   1.512--4.903
  Urinary protein (\<1 g vs. ≥1 g)                  0.010     2.546   2.014--4.865
  IL-34 (\<55.37 ng/l vs. ≥55.37 ng/l)              0.032     1.625   1.004--3.126
  IL-17 (\<42.62 ng/l vs. ≥42.62 ng/l)              0.028     1.451   0.438--3.647
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